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(54) g B H-H oioima a is ata 

S iS8 S§ B^SIM ?ioH °i-A|fl S^S£i^ £HE 8EIS Afg6h£| S^MAs deposition) g§A| 
ei-A|^ E5E SB-Pl- ^S^OI SJ^il &o SM ] f b|§§J0| SJSAH ej^Sfe 2131^ ^MSII 

^Oil E|g ^ArOIH^i mmm &X\S\H, 5^££^ ££H( Phosphorous dopant) ^£ S^S- £S 

^£ 9£« 8S £J BIS^E ^AfO|S(P induced oxide) m&M ^±M3\ XIX\ £^8 ^Hl o\0\ , &m 
^£ ^±011 °|5H 0N0-^0fS§i(0N0-smiling) 0N0 3H#^ dig g^SK^U 2i5f?j| 6{- 

CM , Ziaiei AfOIS M5(Erase distr ibut ion)M 3S6^I iTSSMi, £ 

x ^ss 4= zjttz bed 4 oi oi his a a his arson ae 2010. 

^iOlM, }j|0|M, oj-AIH £^5£^ Sdl 

£ 1(a) §J 1(b)fe ^xHE-IM StH/H AHHS ^SsfOil CCfB 6!^QId|AI^2f OI EH & g^0| EH y 

^AfOIHOil Olxlfe SSf 

£ 2(a) UUI 2(c)^ §^ UEltd §J 

se 3g ^>i¥^ioiiah nsiiej b^c-idi jh4- ^sfoii eefbi ^^21 eis t} eh^ ^awiesi mmm UEfyi 

£ 4fe S tt8£l 01 01 HIS *J£| HIS ^Si £98t?l oH EAIt! BBS. 

<£S2J ^fi ¥^011 *j*£2| *jg> 

1: MZIB J\B 2: Eig ^AfOlJE 

3: HI 1 ME-I^B-iee 4: ONO°i 

5: HI 2 MBI^die^ 6: 

gtso/ ^mtr Dim n motst meaiim 

£ ^gg 0| 0IHIS HIS &B0II ae *8| g§ ¥|oH °J-A[# S^S&I 

± MdIM Atg8t£l §^(As deposition) g§A| 21-A\m gej^ >|S| I§i 

0| SIPII BSSMI, bl§^0| ^§^f £ISAi ^^BlI^CHI EH y ^AhOIH^ ^SIS 

^Ziam, SESH (Phosphorous dopant) fe£ ^^2| £S g£ ^^i mm 21 ei^^H ^ 

AfOIE(P induced oxide) mmm ^±Mdi XtXl ±Mm ^ X-fl oh 0=f , ^sf ^£ ^^011 SjoH 
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ONO-^OhSJH(ONO-smiling) S£M &±M31 ONO 3iiU UIM e^roKHU SUM , 2(9» 3312" 

M0|^ fSi mm ±y\ ^5(Erase distr ibut ion)B a«»3ll ^6r£f SI 4= 

Slur M2H4j 01 01 HIM *J£J flli »B0|| 3& 210ICK 

gajsjog oilSdl r±:X|-CHI AH 311 01 S §ab ^(Normal ) MEIM S*ffi5 m P0CI 3 £S § 

§1 4-H5h01 Ahg&CK W-AIW E5E §£l g«|- 3|^M Af§5^ Sa S*fj» £S S30I ^AjOil 
ggrjl B£» £13, ^gol £S §§0| 2S0PI ffHSOII P0CI 3 EES 5§i £j^25M| 
US S§0| ^ k £j3 S^S£^ £©M (Phosphorous dopant) §81 4- SICH £J£J£M 8FgAIU 

4- SiCK 

SE&, 5^Sa^ ^£ If^AI 3|g2| P0CI 3 £H 5§8 XHteSES a 4*^ £§(Uni forrnity 

control )0I 01 ^ XI °! °J-AIH E5E SEI^ XHfe£0l|AH£ ^M0\ £1 CK 

oiae oi en 3aoii£ M^af^ A^mxi §ie 01^ dram cidi-oi^Sr^ a^^ii ay ^oieoii 

322*01 21D\S10\ = *a-ic3QIH a aS (Fowler nordheim tunnel ing)OI SOiU^I ttHSOICK 01 S 21 
5H Ely ^ArOIH^r a 311 ^sf£JCH ^lOIM^r ay ^ Ah 01 H Oil SSI QUI XI 8*311 SH0t6r 

PI ffH ^ Oil ^Jr^a^r Si^ ei-AIW E5E Ar§8 r X| P0CI 3 MEIM AfgoH SQ. 

3a U AI30IJAHS &3| 336* e!-A|« £nc MEI(D-poly)^ CHS § Oil AH Ely ^ArOIHS gsfAl 
31^011 CHS &=?D\ ¥^6*3, 0\m UH^SPI CHS Si EH (Factor )M g§§ 5H0t Sr^XI 

3 r 0|H am (Guide line)0| Si^ tfSOICK 

Oiae 01$?^ CH¥^°I CltttOI^ Or?H(Fiash device maker ) Oil AH fc M^g 3II0IM0II icg- 

M£l (Normal poly)M i^5|2 P0CI 3 £S §§§ 5r01 At S SHI SiCK 

£ 1(a) S 1(b)te ^xH El (Thermal treatment)* o\&M tffflB S S Oil CEfg 
6I^EiiaAI^(Hysterisis)2f Oiaff S^OI ay ^A^OIHOil Dlflte ^Sf m&m SCM^H SICK 

OlffH, CCST^ EH y ^ArOIHM !§6H AH 2XPI Q/m^ 8H0t»te &fKErase)S &A|6*3 Sl^OI 30II 0} 

5 XtXI Mil (Charge trap) m&m MOI^H SACK 

IE £F S^OIIAH 5^5£^ 550 °C ^ CEH^r 585 °C ^iSQ CH 2« CK 

01 §:0r*= 550°C ^[IH£J eJ-A|# Ma 3r 585 °C ^EHHJ oj-A|^ E5E M El Oil HI oH ISlfOil HI 

6 g^^lr^r 0IEI& ^ si CHI If^ Ely ^ArOlE ^ If (Charge trap 01 LH &'&)^f CH if 
^ ^ 2iCK 

£ 2(a) LUXI 2(c)£r ^S^r e^(As deposition) ^EH°J D| AHI ^^o^AH ^§sf M ¥5\ 

J\ SS 3jM SOi^H SACK 

oj-AIW i£lb Ql^l^o^ §§U0l 33 AH 3^1 MS^f yCK 0I2S (Erase 

region)0|| ^xl^r 3Bliei ^SH£l(Grain boundary)2l ^H^M ^^5rXI S5II ShOi 3312! br^CHEIM DCr 
5 5^5£^ 2J^^H Ely ^ A r 0| ^(Phosphorous induced tunnel oxide) ^sfJr M^SJ or^l ^CK 

01^ ^ chi ah ±y\ s^hi ay ^A r oi^ ^use^ ^axi^i ^hj ^>i xfoilmi § 

SSMl, Hr4:>i ^(Overerase eel I )0| Basm 01 BJff S^l Oil a (Read error)M S«A|3IM Elt 

saoi sick 

£ 3^ ^>i «^i (A)oiiAH nai&! ur^aa esoii caa ^^£f eisa ay ^ai-oie^ mmii sa 
^ 4^ 91mm mcm^h 210. 



CaaAH , ^ ggg g§ E.^SrM £J-A|<= 5^5^^ Mill AFg6 r £l e^(As 

deposition) S§A| 2J-AIW 5^5d^ EHE idPf >|£J ^§^01 3»| ^H^Mi , ^Olth 3§I 6H 

4^ si^ mbhtH 01 01 him ms\ xn^m^ at n ^^01 sick 

Ah-s^ i^SPI ^ CHI Hf^ MSHtH 01 01 El M WIS 3| ^ Sxll ^¥ 

oil ay 6i^s,K m 1 MEi^ae#, ono^k hi 2 Ma^a^# §y teos se^ Arc#e s^a^oi ^iioim 

M S^6r£J, ^^1 HI 1 91 XII 2 §£l^£l^§2^ 2J-A|# 5^5£i^ E5E l£li M§5fb 5jS ^ 
§25 &rCr. 



01 oK §¥S ESI ^HSrOi ^ ^Si ^Ail ^Sof^l^ e!CK 

4^ S I^Si ^S6PI ?loH £A|& OlOIHIM BS£0|CK ^El^ ^l&(1) ^¥0|| 

ttm^iwrn ssehP. 6isf^(2) ^^oii^ xii 1 Ma ^&iE(i£§ iHioiMmom m&m ^, 
xii 1 #a ftiasso) «¥on onov(4)b aaeo. oi^ f m 2 ea aibis(bmb w\^)m(5) s 

12^(6)1 ^Xf^jo^ g^^ci. i^S|(6)2£b WSix Si ARC ^AIUOI M EhO|H(0xyni tr ide)S A r g 
thCK 

^ ^^|S| MEH^I 01 01 E| M ^ CHI AH i^g 3||0|M£f §§1 31101^011 &J-AIW EHE MEI ^El 

e >iioimm ^jg^ Pi^oia. 

oi-AIW MEI(D-poly)2J ^SfOII 21 DH5rU^ ^MBII^( Mechanical stress)3r 

ay ^ArOIEOII 2-OrS^AH gslEJb §i ^XISPI 9\oW S^AI >1EJ IS ^'(80% 0|^)M E.^Cf. 01 
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m 9I5D gf^nil- SE 35.IH 3^ IS? blS(Gas flow rate)S 5§ehCK 

eiH (Set-up) £l CH Slfe B33B g,'3ll22e S^fSE 560 LH XI 600 1: , 0.4 LH XI 0.6Torr, 

SiK,/PH 3 (1% He Oi lution) i£? blSS 1300sccm/120sccmESAH , g£3h feS4=^. Ef^OI 

^. Si^/PHs UIS0I ^84^ gsfAl OIHI S^IS SSDOI &0IXI3I [CHSCHI B33B SJ31I5B0IIAH & 
3| 33|XI B4-S £§3f04 S^AI 3H2| §§U 2irC|. 

B-AIW H±Ha± ESE S£l LH °J l§g 331 SI ?5fe P0CI 3 EHE S£|2ffe Cl = 3)l t||J||*j©S 
I§a 331 ^H3| SICK 50% 0I5I0IU gsf£>!0ll OdlAH 70% WXI°I Sin 331 X\0\H SIS 

4= SICK 

OlSd 3?, 53H(Erase) ¥¥1011 atlte 3aiB(Grain) 3H40I- ^22 3SIIB AhOli xlOKGrain size 
difference) (IHSOII 53H ¥¥I0IIAH g§U?ll» dig H±Ea± BS±E Eia gAWE m&XlO\Jl ® 
BCL 0\S. Be* 53H ^E xl-01 EHSOII ±3H S^!SEf(Erase Vt)OI gaXI3l tEH^OII 33IB AI0I5B 
Sf3|| D\T4D\Ot ma. gig 33|3h 5f°0 SSU3IIM COS H±Ha± ^^01 S £101 EHS g 

AhOlE ^£01 gSIS 4= S13I CH^OII 5!iB 33|2| Igg 33131- S251CK ^, I§g 3311= 53H 

giiss SH3I- b^s S3ii i§n 33iea afa ^oi-ot mo. oiae 33ife b-aiw e 

HE S£| TIIOIM(D-poly) LH2| gSi 331 XhOI §E£H H±HEH>: gECHI 0}£h B5H=ai llg 331 
XiO\J\ m^m, Si2Si feE3l S4»^ gJSI iig 33|fe ^fOIXIOf &Ch 

331 MS3I 50% 0|S|0|3 2J-AIW H±Ha± EHE =£|(D-poly) LH2I H±Ha± gE3|- 8 - 9E19/ 
on- SJIH 53H ¥¥1011 SJi= 3§g31l 3H40I 20?H IE 01^01 £|fe I§g 33I0IB 4SH|3h g!fe325 
S0I3I (EHSCHI 01 S^dl ^DH ¥¥1011 3 Bite 1§U 33131 203H CM] SHSfElifr liH 33|3| S 3|| II 
U 331°! 3JES eeaa. 

SfAH BiS& bll-^ SOI B-A|# H±Ha± SHE S£l (D-poly)°l l§g 331 ^01 §E3|- 50% SCI 
33HU S^SEH^ feE3| 8 ~ 9E19/cnf MCI 3CIB, S31I 2§g 33|fe ±3H ¥¥10)1 gdlfe 2Si 
40f 203H 01 4f Si= 33IS SlWOf &CK 

2J-AIS S^S£H^ E5E g£J (D-poly)2) g*f Sag gsf gE 560 UXI 600 'C , 2,^ 0.4 LHXI 
0.6Torr, SiK, i£? HISS 1200sccm 3H2 , PH3 i£? HISS 86sccm E^ ShCf. 

OI^^E^ oj-AI W £i:SBH^ EHE S£l (D-poly)SI l§g 33IMS3h S§5|-Cfe ±31 ¥¥1011 S£l 

i§g 2fi4=3j mmm aoi3i eh^chi ±>ise!aef sii «e i§g 331 e±;= sj§ 

3S0ICI. 

oj-AIW SiSSli EHE S£J(D-poly) LH°I S^Saife Sf^ £!t!Ell= Sii SB Oil SSI! 311 01 
M S£l£f EH y ^AIOIE 3HB, «g| 3aiB bl^CHdlCHI ^S(Segregat ion)E|3 OISS Sdl2f 2!§& 
EH ^ ^AIOIE ^^S SSAI9I3I HH^Oll 2J-AIH S^SdH^ EHE S£l LH°I H^HdH^ feES ^± 
AIS 3ai2J blSCH£|0ll ^£l@ H±H£H± feEi SOIOt ihCh 

3S.HU, LH¥ ^3j| SfB CI S £1101 ^ (Deplet ion) 01 &i£o[0\ SEf ES(Voltage drop)0l ^3|3| 011^011 
Cl§ai0l>30| iJCHUXI at fe£5 Sf010^ SO. ^. feE Sig 5E18/«tf 0l^«S BO. 

OflSSI M Oil AH 0N0-±0l^ S (ONO-Smi I ing)S HSHa/^3H/H3|» ¥l 5H ^^S 31I0IM0II S§& 
S°fS OJ3IAI ^£IS 3IB HB xH^, SSS 3HI0|^^F EJIfe 2 SIM i^^AIUESMH gqSBI BSf 
AI3I3, ±3H ^EB &±A|2JCh 

= , 0N0 ?fS^ Ul> yfioSMI 4r3H ^E3| 'JiSQ. 

01 a & ±0HJg §£fe §£§ 311 01 S §y P2 S§1 3HI0IM ^Sf ^E iEi 301513 SICK ^ ±01 
Sli!°f i^rtfe ^E a 4: OB 2ISH ^CHS 4= 01 B ¥1 SHAHfe H±H&± EHE feE ^±£f 3 

aiB dfsaa si ^, 3aiB aiois s^hoii sum sons 4= sieom, xh^eoiiah i§ 5101 go\m 

3 gig 33131 331 UJI SOII B-AIH Si5£li EHE SBIfe OI&H& 22§ B^S|3 SICh. 



iftS dl£l if 01 S gfgg SaS eafShBAH ESSffe B-AI# Eg SSi AlgSffe B-A|# H±H 
a± EHE Sa 31I0IMS 2!§AI P0CL 3 ES i§ ^SfES g§ BSrSfS 0IS 4- S13. P0CL 3 Eg 
il gafES AHB tH XI M (Thermal budget)OI ^4:8104 5iS£Hi B^^E EHy s A ^ 0 |c°l Isll 
e& 4= SIP. E§f, POCL3 ESCHI blSHAH ^8 5i2ai ^EOIIAH 2SJ£ 51, 2i§ 331 51 91 
MH510I 2!§I25 3ffeS ESMH, 0N0 ±01^11 g^CHI (&g ONO 3HSS b|3| 3HXI 53H ^E3f fr 
£IX|3j| E!Cf. 

1 

^ae 3ib sxhi &¥oii eh^ &faei, m 1 sa^ass, onosi. xhi 2 sa^ass s teos e^ 

ArcSS fJSShOi 3||0|e« g^Sffe SS&M OIOIDIS «!£l XHI5 SSOII SI 01 AH, 

HI 1 SI HI 2 Sa^agSCHI B-AIW Siiai EHE §a§ AFgSlfe 31S ^§2? Sffe S 
EH4H 0I0IEIS S| XHI5 SB. 

I?t 2 
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Bl 1 SOII 2iCM AH . 

oj-a|^ SSS£HS E5E §£l g^AI DIA-IIS^g IdlSgOl gjfe §2 liH°£ D J OI^CHXIE 

m sm, &n ssuoi »xishb ^mms 8o%ois2i as ^§°s sis= sbh^h oioieis ^°i bis 

SS. 
S?S 3 
SI 1 &0II 

oi-a|^ S^££H>: E5E §£l 1^ SEfe 560 Uj XI 600t: 2J 31 l§°£ Shter SSH4H 0I0I 

eis ^°i ss. 

S^S 4 

Bl 1 SOU SiOIAH, 

S3I &J-AIW S^SEH^ E5E g£l gsf &J^S 0.4 UXI 0.6Torr £J 31* Slfe 01 

OIEIS *!°J BIS SS. 

S?S 5 

Bl 1 SOII SI 01 AH, 

S3>l £J-A|?| £^S£I^ E5E «£I2| SiH 4 /PH 3 i£? bl§S 1200/120sccm £1 51 ^§°? SI 
OIOIEIS S2| BIS SS. 

S^S 6 

Bl 1 SOU SSOUH, 

S?l °J-AI# SSS£HS E5E S£|2I 1§H 3^3|»| 5[& BD\ HOW 70% 0|8^ SFOI 8 

su a^i^ a?iia^i oisis shsi ssi ^sisi sib a§ ^s°s sii= seh^h oioieis *i°i 

BIS SB. 
8^8 7 

Bl 1 SOII SI01AH, 

S3I 2J-AIW E±E£H^ EEE g£l°l ggH 33>l xhOPI 50% OI&OIH feE^I- 8~9E19/cnf 0|yej (EH 
S3I I§i 331b ¥¥1011 2£IJ= SSI 3K40I- 20?H OISOI Slfe SSI 3?IS Slfe 21 =S 
2S Site M2H^ OIOIEIS BIS SS. 

S?S 8 

Bl 7 SOII St 01 AH, 

S3I £J-A|^ E>iS£HS EHE S£I2I SiH 4 /PH 3 ?HS i£? bl8S 1200/86sccm 21 51 S ?§°S SI 
te «£H4H OIOIEIS iS£| BIS S3. 

S?S 9 

Bl 1 SOII SI OH AH, 

S3I £J-AIS 5SS£H^ E5E S£l LH°I S^2£HS ESE feEte 5SS£H>i SiS^E XH51« 2}BI 
gp| 9)30 ;^i=§h u*g ^ioie PSei|0|£OI IJ01L|X| SfE^ Site 21 ?§°S Site M £H 4H OIOIEI 
S ^21 BIS S3. 

10 

Bl 1 SOII SIOIAH. 

S?l °j-A|# ES5£HS EHE S£l LH°I S^2£HS EHE teEte 5E18/orf 0IS£J 2i =§2£ SI 
te S£H4H OIOIEIS *J°I BIS SB. 

E# 
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